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DISCUSSION 


straightforward manner the numerous problems confronting the operators 
irrigation systems. 

those individuals having direct interest the costs operation and 
maintenance, the involved system government bookkeeping frequently 
results confusion. Perhaps this type accounting procedure causes the 
apparent lack interest cost a¢counting referred Mr. Hill; and when 
control the district taken over from the Bureau Reclamation, United 
States Department the Interior (USBR), the water users employ the absolute 
minimum bookkeeping required keep their accounts legible the members 
the using association. Certainly not economically feasible for inde- 
pendent organization adopt the involved accounting system used the 
government, for the expenses connected with the cost accounting would 
probably exceed their benefits. result the many legal restrictions 
placed the USBR, however, necessary that the more elaborate system 
used when project operated the USBR. 


TABLE EXPENSES THE RESERVATION DIVISION, 


Item 1946 1947 1948 1949 1950 
39,398 41,008 50,063 39,631 86,097 
Total irrigation operation and maintenance...... 50,397 62,595 69,966 57,925 119,696 
Replacements and improvements................. 18,598 
Minimum water rate, dollars per acre*.......... 3.00 4.00 6.00 6.00 6.00 


The Bard Irrigation District, Imperial County, the California part the 
Yuma (Calif.) and Arizona Reclamation Project 67,400 acres. The Reser- 
vation Division this project, which the Bard Irrigation District part, 
has 7,743 acres Indian lands and 6,287 acres the Bard Irrigation District. 
still operated the USBR and efforts understand the financial out- 
lay chargeable against this district result many headaches for the board 
directors. Although the USBR operates the district, the directors represent 
the people who are the actual water users and who pay the expenses incurred 
operating the project. Excellent cooperation obtained from the USBR, 


paper Raymond Hill was published December, 1950, Proceedings-Separate 
footnotes and tables this Separate continuation the consecutive number- 
ing used the original paper. 

Technical Service Dept., Eng. Research and Development Laboratories, Fort Belvoir, Va.; 
Director, Bard Irrigation District, 1949. 
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FLOOK IRRIGATION SYSTEMS 


but the board directors the Bard Irrigation District placed the 
awkward position lending approval expenditures after-the-fact and 
having voice the policies connected with administration the district. 

Operating expenses the reservation division the Yuma project for 
the years 1946-1950 are shown Table which gives indication the 
increase operation costs for the last five calendar years. This represents 
considerable increase over the $2.26 listed the author the cost per acre 
1940. From inspection the total irrigation cost figure this table, 
evident that the $6.00 per acre minimum water rate will not continue long. 

The basic principle indicated this paper met the Bard Irrigation 
District; that is, that enough water delivered each farm the right time 
satisfy all beneficial needs without waste. still very evident fact 
and cause great concern all water users that unless the minimum water 
rate per acre kept low possible, the resultant operating expenses 
irrigation projects are going cause real financial hardship. 


water wastes irrigation systems given in. this paper, with accurate 
description how waste originates during thunderstorm activity. large 
quantity water wasted this manner, but more complete list operat- 
ing waste for irrigation projects the Southwest would include: (a) Reservoir 
losses; evaporation and transpiration losses along the distribution system; 
(c) excessive water orders; (d) climatic changes; (e) unwillingness irrigate 
night; (f) structure failures; (g) communications breakdown; and (h) exces- 
sive releases speed delivery. 


(a) Reservoir and transpiration for the storage 
reservoirs and contiguous vegetation may more than 30% the irrigation 
release year. 

Evaporation and Transpiration Losses Along the Distribution System.— 
Water lost from the free water surfaces canals, laterals, and ponds 
rank vegetation growing along the distribution system. Good maintenance 
practice reduces these losses minimum. 

(c) Excessive Water and often excessive water orders 
are placed farmers for variety reasons. The average farmer irrigated 
land cannot expected place consistently accurate water orders. When 
water charges are relatively low compared his other operating costs, and 
particularly when charged only for water used and not for water ordered, 
excessive water orders are expected. Farmers will actually divert and 
pay for excessive volumes water, much which wasted. Then, when 
high demand period occurs, the farmer can obtain immediate increase 
his individual water supply simply reducing his normal waste. Since 
wastes are frequently rediverted meet the needs lower users, this action 
further exaggerates water delivery problems during high demand period. 

(d) Climatic changes are thoroughly discussed the 
author the section “Operating 


Engr., International Boundary Water Commission, Paso, Tex. 
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BALLESTER IRRIGATION SYSTEMS 


(e) Unwillingness Irrigate use available water 
night other inconvenient times results wastes from the lower division 
project. Wastes from the upper division are often usable since they are 
redivertable. impractical attempt schedule reservoir releases 
several days advance eliminate arrival irrigation water night. 

(f) Structure breaks and other structure failures, that 
usually occur during periods peak water demand, cause water available 
diversion points without sufficient notice and unusable rates. 

(g) Communications Breakdown.—During thunderstorm activity, the long 
telephone lines from headquarters office the point irrigation release 
may out service. This results delay ordering changes irrigation 
release and aggravates water loss caused storms. 

(h) Excessive Releases Speed Delivery—Occasionally, during periods 
hot weather, the water demand exceeds the capacity the system supply it. 
Then becomes necessary release excessive amounts water from storage 
reduce the travel time the release through the system the lower water 
users. The excess releases are wasted below the lower end the project. 


Any enumeration causes water loss irrigation projects little 
value unless points the way reducing unnecessary losses. Obviously, 
the best time create efficiently operating irrigation system the original 
planning and design the system. full stream-flow utilization ap- 
proached, excellent opportunity exists for designing irrigation systems that 
can operated with minimum waste. Those charged with the responsibility 
laying out irrigation systems should fully aware all important operating 
problems likely arise. 

One the best methods obtaining flexibility system, method 
often overlooked, mentioned the author the section 
Waste.” This provide short-term reservoir storage capacity near the 
end the main canals. The capacity need not large compared the 
long-term storage capacity supplying the system, but wherever the point 
initial irrigation water release far from the point use, waste inevitable 
unless some storage capacity provided near the point use. 

Given well designed and constructed system, adequate funds and com- 
petent personnel must obtained insure adequate protection the original 
investment and continuous efficient operation. Too often good irrigation 
system allowed degenerate, and ultimatly require heavy expenditures, 
the interest short term economy. 


very interesting problem called the 
attention engineers this paper. ‘“The maintenance irrigation projects 
highly important function, and essentially technical job stated 
the section Works.” Engineers have their disposal 
extensive and varied literature covering structures from dams canal 
linings, but very few references concerning the technique and methods 
operation and maintenance irrigation structures. would seem that 
engineers prefer pass the burden this type job the water users. 


Prof. Applied Hydraulics, Univ. Buenos Aires. Buenos Aires, Argentina. 
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BALLESTER IRRIGATION SYSTEMS 


The author calls attention some additional points: measurement 
water, delivery water for beneficial use, and rigid control all releases from 
dams the farm laterals. The writer thinks that the last two points cannot 
accomplished the first not realized. Under the heading ‘‘Measurement 
the author states that measurements water delivered 
farm headgates are generally little better than 

The writer has had very interesting experience one the irrigation 
systems Argentina. The system operated 
rotation from laterals. The discharge for each lateral was measured 
the headgates, with all the complications measuring the opening, upstream 
head, downstream head, and fixing the coefficient discharge for free sub- 
merged orifice. There were always differences with the water users about the 
true quantity delivered. three laterals, just below the headgates, standing 
wave flumes were installed with scales graduated liters per second. The 
first reaction the water users was that water delivery would diminished. 
They said that the reduction section the lateral caused the flume would 
reduce the discharge. However, after year operation, instead asking 
for delivery terms centimeters opening the headgate, they asked 
for quantity liters per The most illiterate farmers started 
think terms volume discharge instead gate openings. water 
user even built flume his own farm control the general delivery. 

the watermaster superintendent, the record the flume discharge 
was very useful for the quantitative consideration the requirements the 
lands served the laterals and for the preparation the program deliveries 
for the whole system. 

the various systems water distribution the rotation system the 
most rational. the Centenario system water was delivered the start 
cultivation using the continuous flow system. The headgate each farm 
had padlock under the control_for keeping fixed opening. Later, 
the system was changed rotation with schedule deliveries each farm 
fixed the beginning the water year. Padlocks were removed. Now each 
water user opens his headgate the time fixed the schedule. The rotation 
system not applicable smaller canals, the author states, because larger 
sections are necessary carry the accumulated discharge that occurs 
shorter time. 

The chief problem the maintenance canals and open drains the 
control weeds. The writer has observed that irrigation canals with velocities 
equal exceeding the critical velocity given Kennedy (neither 
silting nor scouring) are almost always free weeds. open drains the 
problem most serious, for not possible maintain high velocity for 
weed control. irrigation system which the water used with high 
efficiency, the open drains must discharge very small quantity water, and 
this condition favors the growth weeds. 

irrigation system comparable railroad. Once built, technical 
progress every kind must applied for betterment service. The max- 
imum beneficial use water the ideal irrigation system, and arrive 
this goal, cooperation necessary between water users and engineers. 
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GOLZE IRRIGATION SYSTEMS 


This paper shows that there are many opportunities for engineers apply their 
technical skill the operation and maintenance irrigation systems, but 
they must never neglect the farmers’ viewpoint and capacity. 


ALFRED ASCE.—In the section devoted ‘‘Costs and Cost 
Accounting,” the opening paragraph states: 


“Little effort generally made allocate costs operation and 
maintenance. Even the manuals the USBR are substantially silent 
this respect, although many millions dollars are spent each year 
federal reclamation projects alone for such purposes.” 


not known what manual the author had reference to. The USBR 1949 
concluded revision its accounting system that makes full provision for 
the operation and maintenance activities the Federal Reclamation Projects 
both for irrigation and for power. For irrigation, accounts are provided 
record separately the expenses for storage systems, carriage systems, distribu- 
tion systems, drainage systems, and general administrative expenses. For the 
first four elements, costs are separated between operation and maintenance. 
Operation further subdivided between labor, supplies, and expenses. Main- 
tenance subdivided show cost for physical features, such reservoirs, 
dams and waterways; structures, and For general 
and administrative expenses costs are recorded for office salaries, office supplies 
and expenses, office furniture, etc. 

Expenses are related operating income the accounts that the net 
income for irrigation can determined. Cost reports income and expenses 
and the relation the two are made each month for each project operated 
the USBR. addition maintaining costs under the breakdown cited, each 
irrigation project operated the USBR required program its anticipated 
expenditures over 7-yr period. The components these programs cor- 
respond and are arranged the same order the expense (cost) accounts 
and constitute the support for the annual budget preparation. The purpose 
preparing expenditure programs over relatively long period aid 
the project personnel the development orderly schedule for replacement 
worn-out obsolete structures and for the replacement operating equip- 
ment such drag lines. obvious that replacement expenditures must 
not allowed any year, they could too heavy burden 
for the water users. 

The USBR secures its funds for the operation and maintenance its 
irrigation projects from two sources. The Congress annually appropriates 
part the money and the remainder advanced the water users trust 
funds. the present time (1951) Congress appropriating about $3,000,000, 
and the water users are advancing about $2,500,000. should understood 
that the completed federal projects divisions projects are operated 
water users themselves their own expense without reference the 
federal government. example this the Salt River Valley Project 
Arizona. The principal works operated the government this time are 


Director, Programs and Finance, Bureau Reclamation, Dept. the Interior, Washington, 


| 
| 
| 
~ 
| 
| 
| 
| 
i 
] 
| 
] 
; 
{| 
° 
= 
| 
} 


HILL IRRIGATION SYSTEMS 


the backbone irrigation facilities the Central Valley Project California 
and reserved works reservoirs serving both federal and private lands 
number projects. The only completed irrigation projects wholly operated 
the government are the Rio Grande Project New Mexico and Texas, 
which the water users have consistently refused take over, and the Klamath 
Project California and Oregon. 

For those projects for which appropriations are made Congress, the 
benefiting water users are obligated return the cost annually determined 
the Bureau’s accounting system. general rule the government re- 
covers the cost operation and maintenance chargeable appropriated 
funds within months from the time which the expenditures are 


Raymonp ASCE.—The discussion Mr. Flook largely 
amplification the causes for operating waste. not believed that the 
first two the eight causes listed him (reservoir losses and evaporation 
and transpiration losses along the distribution system) should classified 
operating waste. Such evapo-transpiration losses cannot reduced 
materially improvements operating procedure. Although failure 
structures and breakdown communications may occasionally contribute 
the volume operating waste and provision should made prevent such 
losses design adequate works, hardly seems appropriate include 
these the classification operating waste. Except for these matters 
terminology, the writer agrees fully with Mr. Flook. 

The comments Mr. Ballester should particularly informative 
engineers this country because they are prone think that their methods 
are the most advanced. The writer was surprised, however, note that the 
rotation system deliveries had superseded the demand system (with apparent 
approval the farmers) the irrigation system Argentina. may 
that the quantity water available there for deliveries rotation sufficient 
meet the maximum requirements individual farms regardless climatic 
changes. Generally, however, believed that the delivery enough 
water meet crop requirements cannot made under rigid time schedule, 
fixed the beginning the water year, without substantial operating waste. 

The remaining two discussions the original paper have with costs 
operation and maintenance. amplification the tabulation given 
Mr. noted that the unit cost per acre the Reservation Divi- 
sion the Yuma Project has increased from $2.26 1940 $3.60 1946 and 
$8.50 1950, exclusive costs replacements and improvements. 

The objection made Mr. Golzé the reference the writer manuals 
the USBR proper, and the original statement warrants explanation. 
The manuals and other data obtained from the USBR the time preparation 
the paper 1949 did not include the edition the manual which Mr. 
Golzé refers. Neither was intended give the impression that many millions 
dollars are spent each year the USBR for operation and maintenance, 


was realized that many federal projects divisions projects are operated 
and Maintenance Costs and Gross Crop Values per Irrigated Bureau 


Reclamation, Dept. the Interior, Washington, C., pp. 1-3. 
Cons. Engr., Leeds, Hill, and Jewett, Los Angeles, Calif. 
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HILL IRRIGATION SYSTEMS 


the water users themselves. The fact remains, however, that the federal 
government can and does exercise considerable control over the operations 
all projects built the USBR. 

appears from the description the irrigation accounts now use 
federal reclamation projects that these accounts are fundamentally the same 
those that have been used the Salt River Project since 1943. These 
were patterned the standard accounts prescribed the Federal Power 
Commission for utilities coming under its jurisdiction. This system 
accounts has the great advantage being usable any operating entity, 
regardless size. Such detailed accounts those described Mr. Golzé 
can kept wherever such detail warrented the magnitude the costs; 
the other hand, even very small project can maintain the control accounts 
listed Table 

There disposition the part most organizations water users 
irrigation projects keep accounts beyond record income and dis- 
bursements. the other hand, privately owned domestic water 
company must report its costs considerable detail its state regulatory 
body, and most-municipal water companies make similar reports. The costs 
operation and maintenance domestic water companies are the same 
order magnitude those incurred the operation and maintenance 
irrigation systems. believed that the same benefits would accrue 
irrigation districts and water users’ associations their records account 
were kept sufficient detail permit effective management control such 
costs. 

Mr. Golzé refers the development orderly schedule for replacement 
worn-out obsolete structures and for the replacement operating equip- 
ment. great has the need for replacements become many federal rec- 
lamation projects that the cost such replacements cannot met now 
basis. Accordingly, the USBR entering into contracts 
with the water users many projects that provide for repayments over 
extended period years the costs replacements that can longer 
deferred. 

the opinion the writer, reserves for depreciation should established 
every irrigation project, and the charges depreciation expense should 
sufficient provide for all replacements property. All public utilities 
are required take depreciation into account; there every reason why those 
responsible for the operation irrigation projects should likewise. 
stated the United States Supreme Court,’ 


“Broadly speaking, depreciation the loss, not restored current 
maintenance, which due all the factors causing the ultimate retirement 
the property. These factors embrace wear and tear, decay, inadequacy, 
and obsolescence. Annual depreciation the loss which takes place 
year. determining reasonable rates for public service, proper 
include the operating expense, that is, the cost producing the service, 
allowance for consumption capital order maintain the integrity 
the investment the service 


versus Illinois Bell Telephone 292 U.S. 167, 1934. 
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HILL IRRIGATION SYSTEMS 


the backbone irrigation facilities the Central Valley Project California 
and reserved works reservoirs serving both federal and private lands 
number projects. The only completed irrigation projects wholly operated 
the government are the Rio Grande Project New Mexico and Texas, 
which the water users have consistently refused take over, and the Klamath 
Project California and Oregon. 

For those projects for which appropriations are made Congress, the 
benefiting water users are obligated return the cost annually determined 
the Bureau’s accounting system. general rule the government re- 
covers the cost operation and maintenance chargeable appropriated 
funds within months from the time which the expenditures are 


amplification the causes for operating waste. not believed that the 
first two the eight causes listed him (reservoir losses and evaporation 
and transpiration losses along the distribution system) should classified 
operating waste. Such evapo-transpiration losses cannot reduced 
materially improvements operating procedure. Although failure 
structures and breakdown communications may occasionally contribute 
the volume operating waste and provision should made prevent such 
losses design adequate works, hardly seems appropriate include 
these the classification operating waste. Except for these matters 
terminology, the writer agrees fully with Mr. Flook. 

The comments Mr. Ballester should particularly informative 
engineers this country because they are prone think that their methods 
are the most advanced. The writer was surprised, however, note that the 
rotation system deliveries had superseded the demand system (with apparent 
approval the farmers) the irrigation system Argentina. may 
that the quantity water available there for deliveries rotation sufficient 
meet the maximum requirements individual farms regardless climatic 
changes. Generally, however, believed that the delivery enough 
water meet crop requirements cannot made under rigid time schedule, 
fixed the beginning the water year, without substantial operating waste. 

The remaining two discussions the original paper have with costs 
operation and maintenance. amplification the tabulation given 
Mr. Howard noted that the unit cost per acre the Reservation Divi- 
sion the Yuma Project has increased from $2.26 1940 $3.60 1946 and 
$8.50 1950, exclusive costs replacements and improvements. 

The objection made Mr. Golzé the reference the writer manuals 
the USBR proper, and the original statement warrants explanation. 
The manuals and other data obtained from the USBR the time preparation 
the paper 1949 did not include the edition the manual which Mr. 
Golzé refers. Neither was intended give the impression that many millions 
dollars are spent each year the USBR for operation and maintenance, 
was realized that many federal projects divisions projects are operated 

and Maintenance Costs and Gross Crop Irrigated Bureau 


Reclamation, Dept. the Interior, Washington, C., pp. 1-3. 
Cons. Engr., Leeds, Hill, and Jewett, Los Angeles, Calif. 
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the water users themselves. The fact remains, however, that the federal 
government can and does exercise considerable control over the operations 
all projects built the USBR. 

appears from the description the irrigation accounts now use 
federal reclamation projects that these accounts are fundamentally the same 
those that have been used the Salt River Project since 1943. These 
were patterned the standard accounts prescribed the Federal Power 
Commission for utilities coming under its jurisdiction. This system 
accounts has the great advantage being usable any operating entity, 
regardless size. Such detailed accounts those described Mr. Golzé 
can kept wherever such detail warrented the magnitude the costs; 
the other hand, even very small project can maintain the control accounts 
listed Table 

There disposition the part most organizations water users 
irrigation projects keep accounts beyond record income and dis- 
bursements. the other hand, privately owned domestic water 
company must report its costs considerable detail its state regulatory 
body, and water companies make similar reports. The costs 
operation and maintenance domestic water companies are the same 
order magnitude those incurred the operation and maintenance 
irrigation systems. believed that the same benefits would accrue 
irrigation districts and water users’ associations their records account 
were kept sufficient detail permit effective management control such 
costs. 

Mr. Golzé refers the development orderly schedule for replacement 
worn-out obsolete structures and for the replacement operating equip- 
ment. great has the need for replacements become many federal rec- 
lamation projects that the cost such replacements cannot met now 
basis. Accordingly, the USBR entering into contracts 
with the water users many projects that provide for repayments over 
extended period years the costs replacements that can longer 
deferred. 

the opinion the writer, reserves for depreciation should established 
every irrigation project, and the charges depreciation expense should 
sufficient provide for all replacements property. All public utilities 
are required take depreciation into account; there every reason why those 
responsible for the operation irrigation projects should likewise. 
stated the United States Supreme Court,’ 


“Broadly speaking, depreciation the loss, not restored current 
maintenance, which due all the factors causing the ultimate retirement 
the property. These factors embrace wear and tear, decay, inadequacy, 
and obsolescence. Annual depreciation the loss which takes place 
year. determining reasonable rates for public service, proper 
include the operating expense, that is, the cost producing the service, 
allowance for consumption capital order maintain the integrity 
the investment the service 
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